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POWER. SWITCHING CIRCUIT WITH : CONTROLLED REVERSE LEAKAGE 

BACKGROUISTD OP THE INVENTION 

This . invefntipn is in the field of semiconductor integrated 

circuits; arid is more specifically directed to metkl^oxide- 

semicoriductor (MOS) power transistor switches. 

Many modern electronic;: devices and systems ultimately rely . 
upon the controlled switching of high power levels to a load/^ 
For example, electronic devices that produce audio signal output 
require the controlled switching of significant levels of energy - 

{current or voltage) to a physical speaker • Control systems 
also require the switching ; of significant energy to 
elec troniically operated machinery and the like • Sol id ^state 
transistors effecting such power ^witching are now in widespread 



use, due to advances in the technology. 

In order to reduce the cost bf the overall device or 
system, it is of course desirably to integrate as much of the 
solid state circuitry of the device or system iridp f^wer 
integrated circuits, ultimately; into h' single irifce^ir^ted 
circuit. in recent years, a preferred device technology "for 
accomplishing such integration has been metal --oxide - 
semiconductor (mOs) technology, preferably compiementaiY m^tal- 
oxide-semicohductor (CMOS) technology, which implements both p- 
channel and n-charinel MOS transistors, as is fundamental in the 
art. It is therefore desirable to implemeh^^ switching by 

way of CMOS technology, to obtain the benefits of very large 
scale integration i ' • . ' ■ ^- \:\ - - 

Figure la schematically illustrates ' a conventional MOS 
pow|r_switch i^i^ludijig power, switching, transistoir 

In this simplified arrangement, power switching transistor 22 is 
a p-chanhei MOS transistor,, having^ its source connected to input 
IN to receive a high power signal, and its drain connected to 
pxall-down load Z at output OUT. Power switching transistor 22 
is sufficiently large, in terms of channel length and width; 
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«nabl.ng. « to conduct laxge currants and to handl, lar^e aU- 
.OU.C. voltage. channel node, 1 

.»xtohx«3 transistor a. is connected to ita source i/tl 

referred to- -as tie .back-gate' bias r^^ , ■ 

l^etween the drain of power swltch.na t " --iectSd 

■ switching transistor 22 and ground 

and presents an i^edance so t.at energy fro„ inpu. ^ 
tran.£e«.d to output our when po„er -witching transistor is 
.umed on, „MXe puXiing down output when power ItcLl 

transistor 22 is off. .. ; . "wiccning 

^e gate of power switchinS rtransiit<it-22 is connect** to 
control Xine OH_/o... which applies a control signal tH^tl: 
aev.ce^.n and off . Because powerf switching transistor 2^.^ 
^^a^ne^,^ a low ievel o^t_roi;Xine_^„^/OPP relatiW to tl. 
voltage on .nput x» will turn on power swi^^Si-^tran^il^-r-f-- 
to conduct current fro™ input IN to lo^d z. Conversely- .LI 
voltage on control line 0»_/o... Within . threshoT^itCe ff 

IT ^ir:„r: -"^ °« 

IL. r """^ PuXled toward the high 

voltage of .nput x» when Power switching transistor 2*' -i*^ 
and .s pulled toward ground throu,, , when it is off ^ 

™ s - r-^ " "^'^ - ^e.ate laj^a.^ 

of ^ „n . the order of : ^hundred, of .iUia^ >^ 

than tt "°T' -"-9- cutput: OOT . is iower 

than the voltage at input XH. xn this typical condi&<^ -^^3 
source-drain leakage through power switchl^„ . ">aitxon, the 

• , i^ower switqhxng transistor 22 ^^h*=Ti 

°£f IS substantially zero, at »bst in the sub 22 "hen 

It is of .course ..desirable that th» "^-"Se- 

- - ™ source -drain leak^SHA K^ ^ 

these W l^yels wheneve. power switching trahsist l^^^^^ 
especially When implemented into a b«t-- is off, 

as a Wifeless telephone handset "'"''-^•'^'^ --ice such 

than the voltage at input x». ^^^^^^^^ 
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occurs when power switching transistor 22 iis turned off and the 
voltage at input IN then falls, fso that the voltage at output 
OUT at the drain of power switching transistor 22 stays higher 
than that of the newly fallen voltage at the source of power 
switching-'^ tiransistor 22 • This can occur if an external devi be 
connected to output OUT, such as an electrolytic coupling 
capacijtor, maintains the voltage at output OUT for some time 
after "poWer switching transistor 22 is turned off. • Another 
cause of a reverse voltage condition is the external driving of 
output OUT to a voltage above that of input, IN.. 

In these situations, the drain voltage of power switching 
transistor 22 when off will be higher than the voltage at: its 
source. This bias condition can 'cause significant leakage frbtti 
drain to source, considering that parasitic diode D at th^ .p-ri 
jtincti on between the drain and body node of power swit:chirig 
transistor 22 will be forward biased diie to the body nbde being 
connected to the lower voltage at the source of power iswi'tchihg 
transistor 22 ^ The resulting reverse . leakage can ■ b^ 

significant, in some cases large enough to damage power 
switching traiisistor 22, - 4, : :u. : 

TO address this possibility for large drain- source leakagre 
in power switching transistors; it is known to switch the Body 
node connection of the power switching ttOS transistbi' in 
response tb circuit conditions. ifigure lb illustrates this 
conventional concept in a generic fashion/ in which a pair of 
transistors 2 Sp, 28n selectably connect the body node bf power 
switching transistor 22' to either its ^ Source (at input IM) 6r 
drain (at output OUT) according td the state of the circixit. 

In thiis cbnveht ional switched bod^/^ nod€_ arrangement: , -PMOS 

transxstbr 28p has its source connected to the source of pbwer 
switching transistor 22'; and its drain connected to the bbdjr 
node of ijrahsistor 22 and to the drain of NMOS transistor 2 8n. 
NMOS trdnsistor 28n has its source connected to the drain of 
power switching transistor 22'-. Each of transistors 2 Sfp/ 28x1 
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" ^«I-=tive body node connected to Its source, and the 

9«tea Of -transistors 2ep. 2Bn are connected together to line sw 
^^st«e o£ line s« .ay he controlled hy the state/ of line 
oyopp at the gate of power s^itchin, transistor " 
alternatively ™ay he driven fro. a comparator in-^response ^ to tie 
relative voltage of input m to output out 

According to _:tMs conventional approach, transistors isp 

transistor ... is connected to either the drain or source' of 
transistor whichever -is at . higher voltage than - that ot 

the body node of power switching transistor 22' . ' This 
controlled swit china is in^««/l<^^ 

. . ^ ''^'•"^ intended to ensure that a reverse^^bias^d 

dxode .3 alway. in place between the Wee and d^ain of 
trans..tor . _X^nor.„al_oper^^ 



XN is equal to or hi^lxeT^i^^^TTy^^^ 

^ . . ^ ^^"^ the voltage at output OUT, line SW 
W.11 be .axntaxned low (e .3. , by line ON_/OPF being W or : by 
the output Of a comparator indicating that -the volt ^ .t i^p^ 
OUT is below that of input IN) ^ 

o8„ '^^^^ Of f iiMos transistor 

28n, and turns on PMOS transistor: 28P, connecting the body node 

Of powerswitching transistor 22' to its source 

hxgh to about the voltage at input x.. This turns : on . 

transistor 2 8n and turns off transistor :>Rr. . . NMOS 

_ ^™^®^°^ 28p, connecting the body 

node Of power switching transistor 42- to its drain I^ne Z 
n.ay he driven high by line c»,_/0PP going high to turn off poWeV 
iT: ""'h'T"'""^ • a eo.pa.ator 



:ObserVed, in . ^connection- with-thls 

:r~„t T ■ .Ode -Witch'g 

arrangement has significant limitations- p^i^ . . 
iu -^«7«ciQns. Referring to Ficiui^^ 

lb, a voltage at output OUT that is sigriificantl . 
that at input IN and on line sw can ''^"^"""^"^ 

series cohn^ction bf . """'^ througH th^ 

connection of transistors 28p, 28n, even with 
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transistor 28p turned off* Considering that transistor 28n 
effectively shorts the body node of transistor 22' to its drain 
when on, transistor 2 8p can turn on if its drain voltage exceeds 
the voltage at its source (input ; IN) by the sura of its gaterto-- 
source voltage plus its threshold voltage . If transistdr 2'Sp 
turns on, the reverse leakage through the series chain of 
transistors 28n, 28p, from output OUT to input IN, 'can be 
significant, even iri~"this conventional arrangement in whxch the 
body node bias of power switching transistor 22' is controlled. 

It has also ibeen observed that overvoltage : device 
specifications have become more stringent, relative to the 
manufacturing technology: Modern devices are required to 
guarantee extremely low reverse leakage levels, eveh under 
significant reverse voltage conditions. 



BRIEF SUIW^y OF THE INVENTION 

It is therefore an object of this invention to provide a 
power switching transistor circuilt in which the power switohing 
transistor exhibits extremely low levels of reverse leakage; - 

Ifc is a further object of ' this invention to provide such a 
circuit in which the extremely low reverse leakage i# -attaine^^ 
even at ifelatively large exteriially applied output voltages- 

it is a further object of this invention to provide such a 
circuit in which the body node of the power switching transistor 
is reliably ^cbntr6^ ensure such extremely low reverse 

leakage perf ortharice v 

Other objects and advantages of this invention will" be' 
apparerit to those of ordinary skill in the art having reference 
to the j^ol lowing spec! f ica ti on together with its drawing^; ^ 

The present invention may ^e implemented into a dbntrdl 
circuit for a metal -oxide- semiconductor (MOS) power ^witcihiri:^ 
transistdr. A pair of MOS transistors:* are provided for 
selectabiy switching the body node of the MOS power st^itching 
transistor to its drain or source, responsive to whether t lie 
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drain or source is at a higher yoltage . In operation, one of 
the pair of MOS transistors will <tnm on, for exan^le in 
response to a comparison of the drain and source voltages of the 
power, switching transistor. Additional transistors are provided 
to aI^o>^tUlly-tum off the other one of the MOS transistc^, 
holding it off even in the event of an excessive reverse voltagi 
across the power switching transistor. Additional circuitry 
isolates the gate of the power switching transistor from its 
control signal in the reverse voltage situation, and holds the 
power switching transistor off in-: this state.' 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OP TfiE ' DRAWING ^ 

Figures la and lb are electrical diagrams, in s^keniat^i 

power / switcb djig_ transisto r ^ 6t 
conventional circuitry for controlling its back-gate bias. ^ " " 

Figure 2 is an electrical diagram, in schematic form, of a 
power switching circuit constructed according to the preferred 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention will be described ih' connection with 
its preferred embodiment, -namely as ituplemented by 'wa^ : ^ 
complementary metal -oxide-semicoiidUctor (CMOS) technology. '-Mori 
particularly, this description is provided for the example in 
Which : p-channel irietal-oxide^semiconductor (MOS) transistor 
serves as th^ power switching . transistor. This particular 
description provided because it is contemplated that this 

invention is especially beneficial when implemented in such an 
fashion. _and^^applic^ion. . It^^wiai .be understood by those skilled 
in the art having reference to : this specif ication th^t this 
invention^ will have benefits when implemented Ih other cof^texts 
and according to other alternative technologies. Accordingly 
it is to be understood that ^ the following description 
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provided by way of example only, and is not intended to limit 
the true scope of this invention as claimed. 

Referring now to Figure 2, a power switching circuit 
according to. : the preferred embodiment of the invention will now 
be dei^crl;bed; in this example, power switching transistoif ' PI is 
a p-channel MOS (PMOS) transistor, having its source connected 
7 to input IN and its drain connected to load Z, at output OUT. 
~" Load Z is connected between output" OUT at the drain of power 
switching transistor PI and ground, in this example. The gate 

jof power switching transistor PI is coupled to control lixie 

ON_/OFF, via the source/drain paths of NMOS series transistors 
NO, Nl in parallel with the source/drain paths of PMOS series 
trauisistors P12, P13 . In normal operation, NMOS series 

transiistors NO , Nl and PMOS series transistors P12 , P13 are all 
on, so that the state of control -line ON_/OFF directly ' controls 
the on-6ff state of power switching transistor PI. 

It will be understood by those skilled in the art that 
power switching transistor PI may alternatively be realiized by 
an n-channel MOS (NMOS) device. In such a complementary 
realization, it is contemplated that the- channel conductivity 
type of each of the transistors, and the relationshi^^> of • the 
various voltages , in the circuit of Figure 2 will also be 
complement ary to that shown. It is further contemplated that 
those skilled in the art having reference to this specif icatibii 
will be readily able to effect such* a complementary 
implementation of this exemplary circuit. 

In its basic operation, the input pdwer to be switched is 
applied to input IN from elsewhere in the system incorporating 
_ the power switching circuit of _Figure__2. JFQ? .^^ara^ 

may supply power for driving audio speakers that are ' dipnnected 
to output^ OUT, such as in a wireless telephone handset or in ah 
audio amplifier circuit for a computer or audio system; Of 
course, many applications of power switching circuits are khowti 
in the art, in connection with which this preferred embodiment 
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of the invention is suitable. The state of control line ON_/oPF 
is controlled by the system to determine the application of this 
power to .>uti^t OUT. For example, a pulse width moduteor may 
control power switching transistor Pi by controlling the ^tate 
of cohtox^l-line (DN_/OPF in a pulse width modulated fashion. in 
the example of Figure 2, a low level on control line bN_/OFF 
will turn:^on power switching transistor Pi, applying the power 
from input IN to load 2 and driving output ~OUT accordingly. 
Conversely, a high level on control line ON_/OPF will turn off 
power . switching transistor Pi, isolating out^ut:^ OUT fi^bm im^t 
IN- . , . 

Referring back to the construction of the preferred 
embodiment of this Invention, the body node connection, or bacil. 
_ gate bias, o f pow er switching transistor PI is control led by way 
of PMOS transistor Pii and PMOS tSansistdir P2 . PMOS transistor ~ 
Pll has its source connected to input IN, and its drain and body 
node connected to the body node of power switching transistor 
PI. conversely, PMOS transistor P2 has its ferpurce, and its body 
node, connected to the body node of power switching transistor 
PI, and its drain connected to output OUT. pmos transistor iP5 
and NMOS transistor N6 have their source -drain paths cdrinWfced 
in series with that of PMOS tr^ansistor P2, creating a series 
path from output OUT to ground. m this example, -PMOs 
transistor P5 has its source connected to the drain of PMOS 
transistor P2, and its drain connected to the drain of NMOS 
transistor N6 in CMOS inverter . fashion; the source^ NMOS 
transistor N6 and its body node are at ground. The gate of PMos 
transistor Pll is connected to the output of this CMOS inverter 
at the .^ain^ of ^^PMOS. transistor... P5 and .NMOS transiaGpi^ n6 
shown as node CMP- in Figure 2 . The body nodes bf -^M^^^ 
transistors P2; PS, and also that of PMOS transistor Pio, afe 
connected in common to the source of PMOS tjransistor P^, which 
is at the same potential as the; switched body node of power 
switching transistor PI. 
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The gates of PMOS transistors P2, P5, and the gate of NMOS 
transistor N65 are driven by the output of comparatj^yt:., /lo>. at 
node CMPt.^^- . may be a conventional .volfcage 

compar^tpar circuit as known in' the art* Comparator 10 has a 
non-iriverti-ng input connected to input IN, at the source bf 
power switching transistor Pl, and an inverting input connected 
to output OUT, at the drain of power switching transistor Pi. 
Comparator 10 thus Tproduces an output signal having a polarity 
corresponding to the polarity of the voltage at input IN 
relative to output OUT, and thus to the polarity of the -source 
voltage of tar^ansistor PI to its drain voltage ; The Output: 6t 
the inverter of PMOS transistor P5 and NMOS transistor PsV at 
node CMi>-:; is complementary to the output of comparator-- io; : at 
node CMP-i-: ' ? 

The combination of PMOS transistors Pll, P2, P5 ahd\^ 
transistor N6 controls the voltage to which- the body node of 
power sv7itching transistor PI is biased, in response to the 
output of comparator 10. This Operation will be descirib^d ±ti 
further detail below. 

The power switching circuit according t:o the i>ref erred 
embodimefht of the invention also includes the furictibii df 
isolatiher the gate of power switching transistor PI f rom contrbl 
line OnV^/ofp, in the event that the voltage at output OtTP 
exceeds the voltage at input IN. To realize this fxinctiori; a 
parallel pair of complementary series transistors couple control 
line OII_/bFP to the gate o£ power switching tiransist6t >l, a^ 
mentioned above i NMOS transistor NO has -its source connected tp 
contrbl line Ol«r/OFF, and its drain connected to the drain of 

transistor N l; the _sourcer _of 3SrMO_S . ^transisJtjD.r:^^^ 

connected fco the gate 6f power switching transistor PI. ■ The 
body nodes of each of NMOS transistors NO, Nl are connected to 
their respective drains, and the gktes of transistors NO, Nl are 
connected in common to node CMP+, at the output of comiparator 
10. The source/drain paths of PMOS transistors P12, P13 are in 



TI- 34783 EP 10 . 

parallel with those of NMOS transistors NO , m, with tha- source 
of PMOS transistor P12 connected to control line ON_/0P*p the 
drains pf P^os transistors P12> . P13 connected together, and the 
source .Of. PMOS transistor PI3 connected to the gate of power 
switching -transistor Pi. The body nodes of pmos tr^sistors 
P13 are coimected to their respective sources, and the 
gates Of PMOS transistors P12, P13 are connected in common to 
node CMP., at the output of the inverter formed by Pmos 
transistor P5 and NMOS transistor N6 . As such, the gates of the 
parallel . complementary.^NMOS transistors NO, Nl '^^d iPMO^ 
transistors . P12. P13 receive complementazY signals relative to 
one another, as will be described in detail. 

Also according to the preferred embodiment of the 
_anven^tion^_powex_w^^ PI is held of fin the 

event that the voltage at output OUT exceeds ~t^e~v"Sa^^r- 
xnput IN. This function is realized by PMOS transistbr ■ pio 
whxch ha. its source connected to the gate of power switching 
transistor Pi, its drain connected to output OUT, and Its gate 
driven^from n.de CMP. at the output of co^arator 10, ^i^^oo^^ 
with the gates of PMOS transistors P2, PS and NMOS transiBtdr 
N6. AS mentioned above, the body node of PMOS transistor Pio is 
connected in common with the body nodes of • PMbs- transistors pi 
P5 and power switching transistor Pio- '. 

in operation, th. voltage at i:*ut IH hlghar th« 

the voltage at output OUT. Comparator in turn .«*uei a 
positive polarity output at no6. C„P*. ^ sutiioie^ ^^oli^;^ 

to turn on NMOS transistors N6, m, and «i; ana tur« off PMOs 
transistors P2, P5. This causes . the voltag, at node ate- ji-^ali 
.the drai„s:.ot transistors. P5^, N6,.. to be .ppilea..to ground by WdS 
transistor N6. : With node CMP- . lo„, p^js transistor Pxi^ 1^' . 
turned on, biasing the body nod. ^or power switching trarisistbr 
PI to its source at the higher voltage at ir^ut IK (i.e., higher 
than the voltage at output pOT) , considering that^ • p„os 
transistor P2 is turned off by the high voltage at ndde CMP. 
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The body, iiodes of PMOS transistors P2, PS, PIO are als^Mbiased 
to the higher voltage at input IN- The high voltage at node 
CMP+ and the low voltage at node CMP- also turns on all of. NMOS 
transistors NO/ Nl and PMOS transistors P12/ P13, connecting the 
gate of ^ 'p^ transistor PI to contirol line ON^^/ OFF 1 

PMOS transistor PIO is turned off by the high voltage at node 
— 2 CMP+, so that it does not affect the gate, voltage of power 
~^ switching transistor PI. Power switching transistor PI is thus 
enabled to switch power from input . IN to output OUT under the 

— control - Of control line ON_/OFF; . ^ ' 

In the reverse voltage fault condition iii which output 'OtJT 
±B at a higher voltage thai that of input IN, typically 
occurrii^g ' after power transistor PI is turned off by control 
line 6n_/6fFv comparator 10 senses this relative voltage 
polarity coiidition, and in response drives a low level ^t node 
CMP+. This turns off jmos tratisistbr N6, and turns 6n PMOS 
transistor P5 so that the high voltage at output OIJT is 
conducted through PMOS transistor P5 to iajipear at node* CMP- , 
turning off PMOS transistor: Pll and isolating the body nodb of 
power switching trainsistor PI from its source at input IN.- Tlxe 
low voltage at node CMP+ also turns on PMOS trans istoir^pi^ 
connedtiiig the body liode of power switching transistor pi (and 
that of PMOS transistors Pll, P2/: P5, PIO) to its drain, which 
is at the higher voltage of output OUT (i.e., higher • than th^ 
voltage at input IN) . P' 

According to this preferred embodiment of the invention, 
the gate of power switching transistor PI is also isolated from 
control line 6n_/ OFF in the reverse voltage condition.- tPhe low 

.ycLltagi^jat:_n^ of f Llkos tran^ and the 

high voltaige at node CMP- turns off PMOS transistors P12, pi3> 
effecting this isolation. The low voltage at node CMP+ also 
turns on PMOS transistor PIO, coupling the high voltage at 
output OUT to the gate of power switching transistbr Pi, 
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ensuring that: t^ansiBtor Pi r^t^s fully off in this reverse 
voltage State. . . ^ 

According to this embodiment of the invention/ reverse 
leakage current is greatly reduced, ev^n at relatively high 
reverse Voltages. ihis is accomplished by the conm.on b^ifi^ing of 
the body nodes of pmos transistors Pio, P2, P5, along with the 
body ^ode Of power switching transistor Pi, to the higher 
voltage at the drain of transistor Pi at -output OUT, i„ the 
reverse voltage condition. Because the body nodes of each of 
these devices are biased to this highest von^tage in the circuit 
these device, are not vulnerable to undesirable tum-oh; as in 
conventional circuits. m addition, because PMOS transisWs 
P2, P5 are turned on by comparator 10, the higher voltage at 
output^O^ i^^pp^ Of PMOS tfesi^tcir 

Pll, ensuring that this device not only tu^^^^^T^- "e^-^.. 
Off, regardless Of how high the voltage at output OUT is driVen 
(short of overs tress, of course) . )■ 

Purthermbra, because of the isolation of the gate of power 
switching transistor PI from control line Ol._/OFP, ax.d because 
of the operation of pmos transistor PIO actively dri^^in^- the 
gate of transistor Pi to an off state, draih^ source • re^^erse 
leakage through power switching transistor P.i itself ^ is also 
prevented: This is especially important in batte;^b^ckup 
sxtuations, where the power switching function is intended to 

dasabW and where leakage current is to he minimized to 
maximize battery life. 

IS i* therefore =onte,nplated that the power switching 
circuit according to the preferred embodiment of the invention- 

capable Of achieving extremely : Xo^ 
reverse leafcaae currents, as low as the "sub:miiroa„^ri raiiga ' 
This excellent l«,el of performance iS' Attained while ■ stili 
"sxng a Single MOS power switching transistor, rather than 
requiring discrete devices to ensure low reverse leakage this 
power switching clr^it can therefore be efficiently, realized in 
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relatively small silicon area, especially consideringf--^ 
single MOS transistors are also still used ta switcli the body 
node of the power switching device. 

Other advantages are also provided by . the power switching 
circuit ^ "according to this embodiment of the invention:;' Tii 
particular, the body node biasing transistors share the same 
body node connection as the body node of the power switching 
transistor Ttself. This greatly reduces the required silicon 
area, as these transistors can all be realized in the same tank 
or well, thus eliminating the need not only for one or more 
additional tanks, but also the tank-to-tahk spacing r^equired for 
isolation of the body nodes. By sharing the same tank for these 
devices, the parasitic junction capacita;nce is reduced as . is 
interconnect resistance, permitting faster switching of. the 
circuit itself. The single tank for these devices also improves 
the immunity of the circuit to CMOS latchup. ' 

While the present invention has been described accordirig to 
its preferred embodiments, it is of course contemplated that 
modifications of, and alternatives to^ these embodiments sucli 
modifications and alternatives obtaining the advantages and 
benefits of this invention, will be apparent to those of 
ordinary skill in the art having reference to this specif icatibn 
and its drawings . It is contemplated that s\ich modif ications 
and alternatives are within the scope of this invention as 
stLbsecjueritly claimed herein.. 
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WHAT IS CLAIMED IS: 

!♦ A power switching circuit, comprising: 

a power switching t^pansistor/ having a sourcei and a 
drain.defining a source/drain path connected oti'a first side to 
an input of the power switching circuit and connected on a 
second side to an output of the power switching circuit , having" , 
a gate . coupled to a control" line of the power switching circuit" 
and having a body node; 

a first body node switching transistor, having a— 
source/drain path connected between the body node and the firj^t 
side of the source/drain path of . the power" switching transistor, 
and having a gate; and < :-. 

a second body node .switching transistor, having -a 
source/draiii path connected between the body node and the first 
side of the spurce/drairi path of the power switching transis^tbir, 
and having a gate; ' 
C2haracterized by : 

a comparator, for comparing the voltage at th^A input 
of the pbwer switching circuit to the OTitpUfc of the : pow:er 
switching circuit, the output of ,the cbniparafcor' couplfed to" tJie 
gate of the sfedbhd body node switching transistor; and 

an invert eir, biased between the output of the* pWwer 
switching ' circuit and circuit ground, having aix input coiapl^d to 
the output of thfe comparator, and havinig an output coujiled to 
the gate of - the first body node switching transistor, for 
applying a voltage at the gate of the first body node ^witching 
transistor cbirresponding to the output of th^ power WwitcKihg 

.^^f ^^^P9^sive to the voltage at ,the^.;_oii:put^ p6w^_ 

switching circuit being higher than the -voita^^^ of 
the power switching circuit. 
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2. The power switching circuit of claim 1, further 
characterized by the inverter comprising: 

first and second complementary transistors, having 
their drains connected in commori at the output of the invertejr, 
having their gates connected in coramQn to th^ output of the 
cotnparatpr, and having their Source/drain paths connected in 
-series between the output of the power, switching circuit and 
"circuit ground. 

3. The power switching circuit of claim 2, further 
characterized by the body node of the power switching transistor 
being connected to the body nodes of the first and seGond body 
node switching transistors, and to the bodjr node of the fir^t 
compleraentarY transistor. -r 



4. The power switching circuit of claim 1, further 
characterized by the body node of the power switching transistor 
being connected to the body nodes of the first and second body 
node switching, transistors. 

5. The power switching circuit of claim i;-'fiireher 
comprising: . ,v. 

a load, connected between the output of the power 
switching circuit and circuit grotind. 

s: The power switching circuit of claim 1, /further 
characterized by: 

pass transistor circuitry, for coupling the control 
line of the power switching cir^it _ tp_ the _gate . of _the power 
switching transistor responsive to the "output o~£ the compax-atar: 
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7. The power switching circuit of > claim s/ v further 
characterized by the pass transistor circuitry comprising; ^.^^^ 

at least one transistor, of a. first conductivity type, 
having a source/drain path connected between the control' 'line of 
the power switching circuit and the gate of the power switching 
transistor, and having a gate coupled to the output of the 
coir5)aLr^ti;>r; and 

at least one transistor of a second conductivity type, 
having„a source/drain path connected between the control line of 
the power switching circuit and the gate of the power s^^itching 
transistor, and having a gate coupled to' the' output' of the 
inverter. ^" ■ ■ . ^ ,r v . 



8.-' The power switching circuit of claim 6, further 
characterized by: 

a gate bias transistor, having a source/drain path 
connected between the gate of the power switching transistor and 
the second side of the source/drain path of the power switching 
transistor/ and having a gate coupled to the comparaftor, i'f ^^^^ 
connecting the gate of the power switching transistor to the 
second side of the source/drain ■ path of the power switching 
transistor responsive to the voltage at the output of the power 
switching circuit being higher than the voltage at the in^ii^ of 
the power switching circuit. 

9; The jpower switching Circuit of claim 8 7 further 
characterized by the gate bias transistor having a body hodfe 
connect ed to the body node of the power switching transteibx^^ 
to the body nodes of the first and second body node switching 
transistbrs. " ••-v^:. . ' . 

10. The power switching bircuit of claim 1, further 
characterized by the power switching transistor, and the first 
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and second body node switching transistors each being of 'a first 
conductivity type; 

11. The power switching circuit of claim 10, further 
Characterized by the source of the power switching ti^ahsistor 
being connected to the input of the power switching circuit, and 
by the drain of the power switching transistor beings-connected 
to the output of the power switching circuit. ~ . 

.. power switching circuit of claim llr-fur^h^r 

characterized by the inverter comprising; 

a first transistor of the first conductivity type, 
having a gate coupled to the output of the comparator, having k 
source Conne cted to the sour ce, and Jiaving a drain; ; . =■ • 

a second transistor of a second conductivity typi^ 



having a drain connected to the drain of the first transistbit at 
the output of the inverter, having a gate connected in common 
with the gate of the first transistor, and having a . source 
connected to circuit groiand. 

13. The power switching circuit of claim 12, further 

characterized }:>y: 

at least one transistor of the first conductivity 
type, having a source/drain path connected between the control 
line of the power switching circuit and th^ gate of ^^'^^6^^^ 
switching transistor, and having a gate coupled to the butpiit of 
the comparator; and 

at l^ast one transistor of the second conductavity 
type^ having a_ -.S^urceZdrain path control- - 

Ixne of the jicwer switching circuit and the gate of the pciwdr 
switching transistor, and having a gate coupled to the output of 
the inverter- _ ^ 
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14. The power switching circuit of claim 13> fuirther 
characterized by: 

a gate bias transistor of the first conductivity type, 
having va ^source connected to the gate of the power switching 
transistor, having a drain connected to the drain of the power 
switching transistor^ and haying a gate coupled . to_ the 
comparator. . . . 

15. The power switching circuit of claim 14, further 
characterized by the gate bias transistor having a body node 
connected to th^' body node of the power switching trains is tor and 
to the body nodes of the first and second body node switching 
transistdrs - ^ . : • . • . 



16. A method of switching power from an input to an output 
by way bf a power switching transistor, comprising the steps of ? 

responsive to a voltage at the input being higher than 
a voltage at the output, biasing a body node of the • "pow^r- 
switchings transistor to a voltage correspondihg. to the voltiag^ 
at the input by turning on a first body node switching 
transistor; arid 

applying a control signal to the gate of the power 
transistor to couple the input to the output responsive to the 
control signal; ' 
characterized by: - 

responsive to the voltage at the Output being higher 
than the voltage at the input,- biasing the body node of- the 
power switcjiing transistor to a voltage corresponding to • the 
voltage at the output by tu rni ng on a second body node switching^ 
transistba^; and ^ 

also responsive to the yoltage at the output being 
higher than the voltage at the input, turning of the first body 
node switching transistor by applying, to the gate of the first 
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body node switching transistcpr, a voltage that corresponds to 
the voltage at the output- 

17. The method of claim 16, further characterized by: 
responsive to the voltage at the output bei;ag higher 

than the voltage at the input, isolating the gate of the power 
switching transistor from the control signal • 

18. The method of claim 17, further characterized by: 
responsive to the voltage at the output being higher 

than the voltage at the input, applying a voltage to the gafce of 
the power switching transistor to turn it off; 
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POWER SWITCHING CIRCUIT WITH CONTROLLED REVERSE LEAKAGE 
ABSTRACT 

A power switching circuit including an MOS power switching 
transistor (PI) is disclosed. The power switching transistor 
(PI) has a body node that is selectably biased to either its 

- source or its drain, depending upon— a - comparison of the voltage 
at the circuit input (IN) relative to the voltage at the circuit 
output (OUT). In a reverse voltage situation in which the 
output voltage exceeds the input voltage, a first bbdy node 
switching transistor (Pll) connected between the body node of 
the power switching transistor (PI) and its source is turned off 
by a voltage corresponding to the output voltage, as conducted 

—--from— the- idrad-n- of- the-~power- swi-feehing-^trransis^ — throttgh-~a- - 
pull-dowfi device <P5) in an inverter. Also in this reverse 
voltage situation, the gate of the power switching transistor 
(PI) is isolated from a control input (dN_/OFF) by series- jpa^s 
transistors (NO, Nl; P12, P13) , arid the power switbhiiig 
transistor (PI) is held off by a bias traiifsistor (PIO) / with a 
gate voltage also corresponding to the output voltage. 

Figure -2 • 
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